In this study, 40 genotypes of durum wheat (Triticum durum) originating from Iran and Azerbaijan Republic were evaluated in both water-stressed and well-watered environments in 3 years 2008 to 2011 cropping years. In each environment, the genotypes were evaluated using a randomized complete block design with three replications. From the grain yield data, drought tolerance indices comprising of stability tolerance index (STI), mean productivity (MP), geometric mean productivity (GMP), stress susceptibility index (SSI), tolerance index (TOL), yield index (YI) and yield stability index (YSI) were calculated for every genotype. The resulting data were analyzed as obtained from a randomized complete block design. Significant differences among genotypes were observed for all drought tolerance indices. High yield value in non-stress and stress environments was exhibited by genotypes '40 (4411.22 kg ha According to results in this study, G10 and G35 were the most drought tolerant genotypes which were clustered as group A. We suggest that tolerance indices including MP, GMP and STI are suitable for durum wheat drought tolerant genotypes selection.
INTRODUCTION
At present, durum wheat is grown mostly in rainfed areas of the Mediterranean region under stressful and variable environmental conditions (Nouri et al., 2011) . Developing high-yielding wheat cultivars under drought conditions in arid and semi-arid regions is an important objective of breeding programs (Leilah and Khateeb, 2005) . Drought Abbreviations: STI, Stability tolerance index; MP, mean productivity; GMP, geometric mean productivity; SSI, stress susceptibility index; TOL, tolerance index; YI, yield index; YSI, yield stability index; PCA, principal component analysis; CV, coefficient of variation; YP, yield in non-stress condition; YS, yield in stress condition. stress may reduce all yield components, but particularly the number of fertile spikes per unit area and the number of grains per spike (Giunta et al., 1993; Simon et al., 1993; Abayomi and Wright, 1999) , while kernel weight is negatively influenced by high temperatures and drought during ripening (Chmielewski and Kohn, 2000) . Wheat production in Mediterranean region is often limited by sub-optimal moisture conditions. Visible syndromes of plant exposure to drought in the vegetative phase are leaf wilting, a decrease in plant height, number and area of leaves, and delay in accuracy of buds and flowers (Khayatnezhad et al., 2010) . In addition, genetic divergence correlated to environmental differences has been found for emmer wheat [Triticum turgidum sp. (Reddy et al., 2004; Zhao et al., 2008) . The relative yield performance of genotypes in drought-stressed and favorable environments seems to be a common starting point in the identification of desirable genotypes for unpredictable rainfed conditions (Mohammadi et al., 2010) . Some researchers believe in selection under favorable conditions , others in a target stress condition (Rathjen, 1994) while others yet have chosen a mid-point and believe in selection under both favorable and stress conditions (Byrne et al., 1995; Rajaram and van Ginkel, 2001) . Generally, different strategies have been proposed for the selection of relative drought tolerant and resistant genotypes, as Fisher and Maurer (1978) reported that achene yield in drought environment could be considered as droughtresistance index. While Blum (1988) men-tioned that selection of genotypes for drought resistance must be associated with selection for high yield in non-stress environments. Hence, by calculation of genotypes yield in drought and well-watered environments, one could select resistant genotypes to drought. There are several selection indices for screening drought resistance genotypes such as geometric mean productivity (GMP) (Fernández , 1992) , mean productivity (MP) (Rosielle and Hamblin, 1981) , harmonic mean (HM) (Jafari et al., 2009) , stress susceptibility index (SSI) (Fischer and Maurer, 1978) , yield stability index (YSI) , yield index (YI) (Gavuzzi et al., 1997) , stress tolerance index (STI) (Fernández, 1992) and tolerance index (TOL) (Rosielle and Hamblin, 1981 ) that identify susceptible and resistance genotypes based on their yields in stress and non-stress environments. The best selection index must be able to distinguish genotypes that have uniform superiority in both stress and nonstress environment. Fernández (1992) reported that mungbean (Vigna radiata L.) genotypes selection based on STI and GMP indices resulted in genotypes that have high tolerance and high yield. Clarke et al. (1992) used SSI index to distinguish between wheat (Triticum aestivum L.) genotypes. According to Sio-Se Mardeh et al. (2006) , MP, GMP and STI were best indices under moderate stress in wheat. The objectives of present study were evaluation of several drought tolerance indices as well as to identify drought-tolerant genotypes in durum wheat genotypes.
MATERIALS AND METHODS

Plant material and experimental setup
Forty durum wheat (Triticum turgidum var. durum Desf.) breeding lines which were selected from the Iran and Azerbaijan republic regions were chosen for the study based on their reputed differences in yield performance under irrigated and non-irrigated conditions ( N and 46 kg ha -1 P2O5 and planting was according to the provincial soil test recommendations before sowing. Irrigation was performed in the non-stressed site at the flowering stage. To determine physical and chemical properties of soil tests, soil sampling before land preparation operations were performed. Samples 0 to 30 and 30 to 60 cm depths were selected after laboratory analysis of soil and water in the Islamic Azad University of Ardebil; the results are shown in Table 2 (this test was performed only for soil uniformity and to avoid errors in 60 cm wheat root penetration is not required to review), and the results of rainfall for 2008 to 2010 years, are shown in Figure 1 (IMO, 2011) .
Drought resistance indices were calculated using the following relationships:
Stress intensity
Stress intensity was (SI=0.2).
Drought indices
Drought tolerance/susceptibility indices were calculated for each genotype using the following relationships:
  (Fischer and Maurer, 1978) 2. Stress Tolerance Index (STI)=     2 / Yp Ysi Ypi (Fernandez, 1992) 3. Tolerance Index (TOL)= Ysi Ypi  (Hossain et al., 1990) 4. Geometric Mean Productivity (GMP)=   Ysi Ypi (Fernandez, 1992) 5. Mean Productivity (MP)=   2 / Ysi Ypi  (Rosielle and Hambling, 1981) 6. yield index (YI)= Ys Ysi/ (Gavuzzi et al., 1997) 7. Yield stability index (YSI)= Ypi Ysi/ .
Where, Ysi, is the yield of cultivar in stress condition, Ypi, the yield of cultivar in normal condition, SI that is stress intensity, where:
Ys, is total yield mean in stress condition, Yp, the total yield mean in normal condition. Among the stress tolerance indices, a larger value of TOL and SSI represent relatively more sensitivity to stress, thus a smaller value of TOL and SSI are favorable. Selection based on these two criteria favors genotypes with low yield potential under non-stress conditions and high yield under stress conditions. On the other hand, selection based on STI and GMP will be resulted in genotypes with higher stress tolerance and yield potential will be selected (Fernandez, 1992) .
Statistical analysis
Analysis of variance, mean comparison, correlation between different treatments and cluster analysis of genotypes based on Euclidean distance was computed by MStatC and SPSS16 package (SPSS, 2007) . Principal component analysis (PCA) was used to classify the screening methods as well as the genotypes. The biplot display was also used to identify tolerant and high yielding genotypes using Minitab16 software, based on principal component analysis.
RESULTS
There were significant differences among genotypes for yield under stress and non-stress conditions (Table 3 ). Significant differences among genotypes were observed for all drought tolerance indices at 0.01 probability level (Table  3) . These results indicate that there is high genetic variation among genotypes, which could be a useful resource for selection of droughttolerant germplasm. The experimental coefficient of variation (CV) varied from 3.48 to 23.18. However, for the majority of traits the values were less than 6% (Table 2) . Resistance indices were calculated on the basis of GY of genotypes (Table  4) . High yield value in non-stress and stress environments was exhibited by genotypes 'G40 (4411.22 kg ha -1 ) and 'G32' (4256.34 kg ha -1 ) respectively (Table 4 ). The maximum value of STI (1.07), MP (3642.11) and GMP (3590.85) indices was by genotype 'G35'. The highest value for YI (1.24) was from genotypes 'G39' and 'G21' (Table  4) .
In this study, a general linear model regression of GY under drought stress on YSI revealed a positive correlation between this criterion with a similar coefficient of determination (R 2 = 0.83) (Figure 2) . Selection based on a combination of indices may provide a more useful criterion for improving drought resistance of wheat although correlation coefficients are useful to find the degree of overall linear association between any 4318 Afr. J. Microbiol. Res. CV, coefficient of variation; **, significant at 0.05 and 0.01 probability level. both stressed and non-stressed environments.
To identify the best index of selection for droughtresistant genotypes, correlation coefficient between these indices and yield in non-stress condition (YP) as well as yield in stress condition (YS) was determined (Table 5) . Correlation coefficients matrix (Table 5) revealed that TOL, MP, GMP, STI, and YI indices could effectively be used for screening of drought resistant genotypes. The Table 3 . ** And *, significant at 0.01 and 0.05 probability levels. Table 2 .
results indicate that there were positive, significant correlations among Yp and (MP, GMP, TOL, SSI, YI and STI) and Ys and (YP, GMP, MP, STI, YI and YSI). SSI and TOL under rainfed condition was negatively and highly significantly (P<0.05) correlated with Ys (Table 5) . PCA result revealed that the first PCA explained 59.3% of the total data variation and had positive correlation with the performance under both stress and non-stress environments (Table 6 ). Thus the first dimension represents the yield potential and drought tolerance. In other words, this component was able to separate the genotypes with higher yield under both stress and nonstress conditions. The second PCA explained 39.9 % of total data variation ( Table 6 ). The first two PCAs accounted for about 99.2% of total variation. PCA indicated that the indices could discriminate the wheat genotypes.
Biplot presentation depicted genotypes NO' 1, 22, 17, 21, 39, 6, 25, 16, 19, 33, 30, 10, 35, 32, 40, 18, 36 and 23 ' located adjacent to important drought resistance indices that confirm these genotypes being drought resistant (Figure 3 ). Genotype NO' 2, 3, 7, 8, 37, 12, 14, 15, 4, 5, 27, 11, 20, 26, 13, 24, 29 and 28 was near to SSI and has high YP (seed yield in non-stress condition) value (Figure 3) . Therefore, this genotype had specific adaptability to non-stress environment. Genotype No. 34, belong to low yield and high drought sensitivity region in the biplot space (Figure 3 ). On the other hand, there was genetic variability among genotypes based on their drought resistance. Using important resistance indices comprising of MP, GMP, HM, TOL, YI and STI genotypes UPGMA classification was done and three clusters were established that paralleled the biplot analysis results (Figure 4) . And results of cluster Dendrogram confirmed the principle component analysis results.
DISCUSSION
The CV values for YP and YS were 3.94 and 4.51, respectively. As regard calculating indices, the values varied from 3.48 to 23.18 (Table 2 ). In general, CV value Figure 3 . The genotype by trait biplots of durum wheats for resistance to drought stress trial. The traits are spelled out in lowercase letters, and each genotype is represented by numbers.
1 Indices: see Table 2.   34  31  28  38  29  24  13  26  20  11  9  27  5  4  15  14  12  37  8  7  3  2  23  36  18  40  32  35  10  30  33  19  16  25  6  39  21  17 higher than 20% is considered to be high; however, may be possible to ignore from approximately high CV values when F test are significant and this item is found in several published research works (Takemoto et al., 1988; Xu et al., 2000; Aliyu and Awopetu, 2005; Zarei et al., 2007; Okwuagwu et al., 2008; Kandiç et al., 2009; Sabu et al., 2009 ). This however indicates that effect of genotypes was more pronounced on studied characters under two irrigation regimes (Aliyu and Awopetu, 2005) . The inconsistent CV values reported in many studies as our one might be due to physio-genetic characteristics and degree of compatibility of the plant material, low number of individual per genotype in plot, low number of replication per genotype and/or variable environments in which the trial was carried out (Okwuagwu et al., 2008) .
Variation due to genotypes was significant for all characters in two conditions (rainfed and poorlyirrigated). This suggested that the magnitude of differences in genotypes was sufficient to provide some scope for selecting genotypes to improve drought tolerance. The mean comparison showed that G40 had the highest GY value.
Yield and yield-related traits under stress were independent of yield and yield-related traits under nonstress conditions, but this was not the case in less severe stress conditions. As STI, GMP and MP were able to identify cultivars producing high yield in both conditions. When the stress was severe, TOL, YSI and SSI were found to be more useful indices discriminating resistant cultivars, although none of the indicators could clearly identify cultivars with high yield under both stress and non-stress conditions (group A cultivars). It is concluded that the effectiveness of selection indices depends on the stress severity supporting the idea that only under moderate stress conditions, potential yield greatly influences yield under stress (Blum, 1996) . Two primary schools of thought have influenced plant breeders who target their germplasm to drought-prone areas. The first of these philosophies states that, high input responsiveness and inherently high yielding potential, combined with stress-adaptive traits will improve performance in drought-affected environments (Richards, 1996; Van Ginkel et al., 1998; Rajaram and Van Ginkle, 2001; . The breeders who advocate selection in favorable environments follow this philo--sophy. Producers, therefore, prefer cultivars that produce high yields when water is not so limiting, but suffer a minimum loss during drought seasons (Nasir Ud-Din et al., 1992) . The second is the belief that progress in yield and adaptation in drought-affected environments can be achieved only by selection under the prevailing conditions found in target environments (Ceccarelli, 1987; Ceccarelli and Grando, 1991; Rathjen, 1994) . The theoretical framework to this issue has been provided by Falconer (1952) who wrote, ''yield in low and high yielding environments can be considered as separate traits which are not necessarily maximized by identical sets of alleles''. Over all, drought stress reduced significantly the yield of some genotypes and some of them revealed tolerance to drought, which suggested the genetic variability for drought tolerance in this material. Therefore, based on this limited sample and environments, testing and selection under non-stress and stress conditions alone may not be the most effective for increasing yield under drought stress. The significant and positive correlation of Yp and MP, GMP and STI showed that these criteria indices were more effective in identifying high yielding cultivars under different moisture conditions. The results of calculated gain from indirect selection in moisture stress environment would improve yield in moisture stress environment better than selection from non-moisture stress environment. Wheat breeders should, therefore, take into account the stress severity of the environment when choosing an index. Finally it was found that Genotypes No. 10 and 35 based on STI, Mp and GMP indices were tolerant genotypes and these genotypes are useful to selection for drought resistance.
